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(57) [S$ti] (»ie:S) 
[<gS] Mo. V, Te. xau:o$i&^^i>tL ( 

-'t^A, a/<;uh. □v'^A, -v>>-;k /<7v';?A. 
^^L,^ :^h'J't^A, ^'Jrt?A, ^Ut'vrt^A. ■fcrv't^A 

fcj:i;-t: u ':7A*>b/ci:5PA^t>siitifc 1 mx±<D7tm 

Vo. 3Teo. 23Nbo. i 2-0„) <D^T. 

So 



(Si*«1] Mo, V. Te, Xft^;o$!&^jS»i: 
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(57) [Atetract] (There is an amendnKnt) 

[Constitution] Under e?dsting of existaice fiaction specified c 
oinxxmd metal oxide catalyst (for exan^Ie Mol Vo.3 Te 0. 
23Nb 0. 1 2Qn) of each essential ingredient for total of 
theabov&-maitioned essential ingredient which designates Mo, 

V, the Te , X and O as essential ingredieit and (As for X is 
chosGi from groiq) wttch consists of the niobium , tantalum , 
tungsten, titanium, aluminum, zirconium , the diromiura [ 
manganese, iron, mdiaiium, cobalt, rhodium , the nickel , 
palladium, platinum, antimony, bismudi, boron, the 
indium, lithium, sodium, potassium, rubidium, cesiumand 
thecerium elonent of one kind or more v^iiich), excludes the 
oxygen, manufecturing mrthod of aa>iic add wWch 
propyioie gas phase catalytic oxidation reaction is done. 

[Eflect(s)] Aayiic acid can be produced with high yield accordi 
ng to this method, with prop>dene as starting naterial, with 
one-stq)m^od. 



[aaim(s)] 

[Qaiml] Existaice fraction ofeach essential ingredient for to 
tal of above-mmtioned essoitial ingredientwiiich designates Mo, 
V, Te,X and theO as essential ingredient and (As for X, is 
chosai from group wtech consists of the niobium , tantalum , 
tungsten , titanium , aluminum , zirconium , the chromium , 
manganese, iron, ruthaiium, cobalt, rhodium , the nickel , 
palladium, platinum, antimony, bismuth, boron, the 
indium, lithium, sodium, potassium, rubidium, cesiumand 
thecerium element of one kind or more which), excludes 
oxygen below-mentioned formula. 
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[Si ] 0- 2 5 < r (Mo) < 0. 9 8 
0. 003 < r (V) < 0. 5 

0. 003 < r (Te) < 0. 5 
0. 003 < r (X) < 0. 5 

(fzfzL. r (Mo) . r (V) . r (Te) Rlf r ( 

X) it^h^iim^^^<±m^mf&i^(j)^mznt^ 
Mo. V. Teat;x(D^;u»^^a-ro ) -a&i^o 



[IS«®2] ia^*)aK«:«5*<. xfiSffSi (Cu- 



IslSrft ze C ) \ 

. — I 

2 2, 1 ±0. 3 

28. 2±0, 3 

36. 2±0. 3 

45. 2±0. 3 

50. 0±0. 3 

1 

i^;uafcyo. 2-7 0^;KD*|g«^ttt&-r'Sci: 



[000 1] 

*lcBl1-*o 7^'j;uK(*. '^fi. Pis 



[Mathematical Formula 1] 025 < r(Mo) < 0.98 
0.003 < r(V) < 0.5 
0.003 < r(Te) < 0.5 
0.003 < rPO < 0.5 

(Howeva^, r (Mo) R(V), r(Te) and r(X) display n»lar proportio 
nofMo,theV, Te and XfOT total of above- 
maitiOTiedessential ingredient whidi respectively excludes 
oxygen- ), Undo- existing of kind of oonpound metal oxide 
whidi is, manufecturing method ofthe^aylic acid which 
designates tiiat gas phase catalytic oxidation reaction it does 
prop>daie as feature. 

[aaim2] Conpound metal oxide, manufecturing rnethod of a 
cr>dic acid which is stated in Claim 1 ^^ilichdesigna^es that n»in 
X-ray dif&action peak is shown in difl&action angle 2 which 
is shown ondescription below in X-ray diflftaction line ( CuK - 
line use), as feature. 

[Table 1] 

Difltaction angle 2 (degree) 

22.1+/- 0.3 
28.2+/- 0.3 
36.2+/- 0.3 
45.2+/- 0.3 
50.0+/. 0.3 



[aaim3] At time of gas phase catalytic oxidation reaction, m 
anufecturing method of aa>dic acid wiiich is stated inthe Qaim 
1 or 2 \^di designates that steam of per mole of supplied 
prop>dene 0.2 to 70 mole is sillied asfeature. 

[Description of the Invention] 
[0001] 

[Field of Industrial Application] This invention regards method 
wWdi produces acrylic add with one step bythe vapor phase 
catalytic oxidation doing propylene, acrydic acid is inportant 
in industrially various synthetic resin , as the paint and 
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[0002] 

^'(!T^*)jim&^ti-m^vi!>^tzo Chit. 38 

mmm 122373 3^iri^$nri^^>/i^ 7^ v 

a)fe{b$fSa^5fc«)frsa-egftl--5t^ffiLfc7^ 



[0 0 0 3] -e<Djs«. :^Qeu>(o 

o. Bi. m<j>vtm^±mttmitmm^mi^ 
rs*sa3 0 o*'c*^b 4 5 o^c-es«;;b<fT*?ti. 
, S-Xgr$»*. 7^PU-<:/(Z)KfblCcJ:^7^7ij;i, 

»t-rsefb^j«^fflixTsitsa2 5 o^ct^p^oo 

Ji. tNf;Kt«a-Cf*3fpt°U>;!)Nb-^-e7^'j;t.8 



[0004] -D^i)^ Sffixs^A^isS-efcssBi*. 

I^*S^^I|3 9 4 7 4 9 5^A<fcy ^ K^ff^ifflSlZ 
IJ, Pd-Au-H;jP04-Ph2S-,=ittJEK{fc^«!l$tt 



plastidzer or c^cr starting material. 

[mi] 

[Prior Art] Those which are piopo^ first as aayiic acidprodu 
ction in^od due to catalytic phase oxidation wot 
theone-step method which produces aaylic acid with one step 
oxidation fixwn propyloie. This is disclosed in British Patent 
No. 1223783 numba-, but selectivity and yield ofthe aayiic 
arid are low. afte that as for research, oxidation doing 
prop)4aie, withthe reaction which produces aoolein and 
oxidation doing acrolein,the reaction vshich pnxluces aayiic 
add dividing developmental researdi of catalystadvanced 
concaning reaction of each one. Because, because because of 
difference of chanical propoty of aayiic addand acrolein 
which is process intomediate, yield that satisfectorily fiorathe 
propjdene acr>4ic acid is obtained with one step, it was thcxight 
withthe catalyst ofone kind in same toiperature that it is 
vaydifficult Whai because selectivity of for exan?>ie aa>4ic 
add is maintained highly it opaateswith low tmperature 
convCTsion ratio of propylene becomes low, when in order 
toraise convasion ratio of propjdaie convffsely it q5erates 
widi high taipGaturesequaitial combustion of aa>dic add 
which is formed with remarkable, itis thought tiiat yield of 
acrylic add decreases. 

[0003] As a result, Being a first stqj, itis, From reaction tai5)e 
rature 30) °C making use of oxide catalyst which often 
designates theMo, Bi , W or other element as main conponent 
at time of producing acrolein with oxidationof prop>4ene, 
reaction is done with 450 °C, on one hand, it is a second step, 
fixjm reaction tenpoature 250 °C making use of oxide 
catalyst which oftai designatesthe Mo, V or other elanent as 
main component at time of producing acrylic arid with 
theoxidation of acrolein, reaction is done with 300 ''C. Whai 
you consida- to these technological change, catalyst which is 
suited for thefirst step vAich description above is done and 
catalyst which issuited for second step, in each case with alone 
as for fixMn thepropjdene obtaining acrylic add with one step is 
verydifl5cult 

[0004] fii Gih& words, cause w^ere presently two-step m^od i 
s mainstream isbecause thae is nc^ a catalyst which is superior 
in technology which fromthe propylene which is profitable in 
economical produces acrylic add with theone step. But, among 
this two-step method, because catalyst which is dififer^t stepin 
respectively it is used reactor or odier ferility is many, it has 
become problemfor cost to be attadied highly. There is aU.S. 
Patait No. 3947495 numbo- in those which disclose technology 
which fromthe past and prc^ene produces aayiic acid with 
one stq), Woridng ExanpleMiae aayiic arid yield is 
maximum 47.5% with Pd - Au - H3P04 - Ph2S - activated 
carbon confound as catalyst, is disclosedin said patent 
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[000 5] tfc, ^Bgffl5 2-1 1 84 1 9?B» (C 
it. Pd-Sb-P-Ofb^tt^ttatLT, 7^7U;U 

1- 4%-e&^||^fi«!|;6^B8n^$tlrl^-S, I 



[0006] KibttSEtLrMo; vs^ta^B 

6 1 45 2|C(iMo'Vi,Nb^Xj (XfiFe. Cu. C 



[0007] 

u>;^)^b-S(7)Sl^^■e7^'J;u8^Sitf i 
FfljaA<&y. -S:jS(c?*Lm^-C±IsISfctf)jzJ:y 



[0008] 

ev't7A, -trv^AfcJ:^;•try'!7AA^b35:SS?^^^bal^ 



specification . 

[0005] In addition, Woridng Exanple where acrylic add yield i 
s maximum 71.9% with Pd-Sb-P-Oconpxmdasthe 
catalyst, is disclosed in Unexamined Patait Pubiicaticai 
Showa 52 - 1 18419 Spedficatian . In addition, it mixes with 
catalyst of public knowledge \^*idi obtains theacrolein fiom 
propylaie and catalyst of public knowledge which obtains 
theaayiic add from aaoldn to Japan Unexamined Patent 
Publication Showa 57 - 156044 Spedficatioai in organic 
solvKit, catalyst which iscaldned Woridng ExaniplQ wlieie 
aaydic add yield ftom propyloie is 8 1 .4 % isdisclosed. 

[0006] On one hand, conpxmd oxide of Mo and V type past is 
mainlyresearchedas oxidation catalyst Itisdisclc^ 
concerning catalyst which includes conpDsition of 
theMoaVbNbcXd pCisFe, Cu, Co, CrQrMn,theais 12,b 
is8from2,thecis0to 1 .0. )in for exanqjle 
Unexamined Patait Publication Showa 57 - 61452 . But, feet 
that it is disclosed in said patent Specification , - 
unsaturated aldehyde is catalystwhidi oxidation is done in 
-unsaturated caiboxylic add which corresponds, in regard ' 
tothe reaction \\1iich fiom prop>dene of this application 
produces theacryiic add with one stqj it has not disclosed. 
Reason is clear evm from Prior Art problan whidi 
descriptionabove is done. 

[mi] 

[Problems to be Solved by the Invention] As description above, 
m^od wdiich fiom prq^oie produces theacryiic add with 
reaction of one step is not som^hing which still can besatisfied 
yield of aoydic acid which is made object, or catalyst 
production stq)such as is conplicated, to be a various problem, 
more tedmology inpx>vement isdesired by in order to exceed 
with economy vis-arvis two-stq>nrfiod, 

[0008] 

[Means to Solve the Problans] We result of diligent investigatio 
n, discovering feet diat specific catalystgives extremely hi^ 
aaydic add yield, concoiiing m^od which fix)m propjdene 
which isprofitable in this economical obtains aoyiic add with 
one stq> arrived inthe this inveition. existence fiaction of 
each essential conqxMiait for total of above-mentioned 
essQitial conqxjnentwhere gist of namely, this invention, 
designatesMo, V,theTe,X and O as essaitial conponait and 
(As for X, is chosai fiom group which consists of the niobium , 
tantalum, tungsten, titanium, aluminum, zirconium , the 
chromium, manganese, iron, ruthaiium, cobalt, rhodium, 
thenickel, palladium, platinum, antimony, bismuth, 
boron , die indium , lithium, sodium, potassium, rubidium, 
cesium and thecmum elanmt of one kind or nx)re wiiich). 
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[0009] 

[821 0. 25 < r (Mo) < 0. 98 
0. 003 < r (V) < 0. 5 

0. 003 < r (Te) < 0. 5 
0- 003 < r (X) < 0. 5 

(fcfiL. r (Mo) . r (V) . r (Te) Rlf r ( 
Mo. V, T eRXfX<r>^)l^mi:^t. ) ■C&5c*:5 



[0 0 101 VUT. *5g5§S»ffl(zifteg-rs, 
Mo, V, Te. X^lfOt:mmtL (X(J. -t 



[00 1 1] ^ 

[83] 0. 25 < r (Mo) < 0. 98 
0. 003 < r (V) < 0. 5 

0. 003 < r (Te) < O. 5 
0. 003 < r (X) < 0. 5 

(fzfzL. r (Mo) . r (V) . r (Te) r ( 
Mo. V. Teat;X(D^;U»$^«-ro ) X'ibi^o 

[0 0 12] ^^mizmmt&^omE^^mTzmo) 

t^&tLXit. r (Mo) fiO. 25-0. 9 8. » 
*L<(iO. 35^-0. 87r*fey. r (V) itO. 0 

03-0. 5. jf*u<fio. 045-0. 37-efcy 



excludes oxygenbelow-niHitioned fonmla, 
[0(»9] 

[Mathanatical Formula 2] 025 < r(Mo) < 0.98 
0.003 < r(V) < 0.5 
0.003 < r(Te) < 0.5 
0.(K)3 < i(X) < 0.5 

(However, r (Mo) R(V), r(Te) and r(X) display molar proportio 
nofMo,tfieV, Te and X for total of above- 
mentionedessential ingredient whidi respectively excludes 
oxygen. ), Under existing of kind of conptmd metal oxide 
whidi is, manufecturing method of theacr^dic add which 

designates that gas phase catalytic oxidation reaction it does 
propyiene as feature, itexists in . 

[0()10] Below, this invention is e?q)lained in detail, existence fr 
action of eadi essoitial ingredient fiir tcM of above-mentioned 
essential ingrediQitwhae compamd mi^ oxide which it uses as 
catalyst, as before inscribed,designates Mo, V, Te , X and O 
astheessoitial ingredient with this invention and (As for X, is 
chosen from group which consists of the niobium, tantalum, 
tungstOT, titanium, aluminum, zirconium, die chromium, 
manganese, iron, ruthenium, cobalt, rhodium, the nickel, 
palladium, platinum, antimony, bismuth, boron, the 
indium, lithium, sodium, potassium, rubidium, cesium and 
thecerium elonent of one kind or more which), excludes 
oxygpn below-mentionedfomuila, 

[0011] 

[Mathanatical Formula 3] 0.25 < r(Mo) < 0.98 
0.003 < r(V) < 0.5 
0.003 < i(Te) < 0.5 
0.003 < r(X) < 0.5 

(I^wever, r (Mo) R(V), r(Te) and r(X) display molar proportio 
n of Mo, theV, Te and X for total of above- 
mentionedessential ingredisit udiich respectively excludes 
oxygen. ),fiisakindofcompoundnirtaloxide whichis. As 
conponoitX, niobium, tantalum, tungsten and titanium 
aredesirable, but especially niobium is desirable. 

[0012] R(Mo) is 0.25 to 0.98 and prefeably 0.35 to 0.87 as co 
ntent of theaforementioned each m^ element in catalyst in 
this invention, i(V) is theO.003 to 0.5 and preferably 0,045 to 
0.37, i<Te) is 0.003 to 0.5 and prefaably 0.02 to 0.27, for 
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. r {Te)itO. 003-0. 5,if^L<f*0. 0 
r (Nb) ItO. 003-0. 5. »$t<!iO. 

005-0. 35-efc^o 

[0 0 13] *#lc*«^TMa^iLrfflcx^a^Kfb^ 



[00 14] 
[«2] 







22. 1±0. 


3 


1 00 


28. 2±0. 


3 


20-150 


36. 2±0. 


3 


5-60 


45. 2±0. 


3 


2-40 


50. 0±0. 


3 


2-40 



X sisiw tf - ^ ^mit^t^^om^^mz ^ o r -rtt « 

2 0 = 2 2. 1 ' (Oif-^^JS^ 1 00 

-»fl<ifcfi2 0=2 2. rat;28. 2* (Z)e-^a 



[0 0 1 5] ffiKlfii^i:LT«^(C»$Ll^Mo, V. T 
r-fc-So MOaVbTecNbxOr,(;)«#. 3r$fi 

7 '/-S§>!?cD*ia7c*<0JS^tt;A<3rSOiiJ^i!:Jti:5 J: 

5 0-7 0 0^0, Sf^L<fi4 0 0-6 5 0°COSa'e 
. ffi^O. 5-3O0$ffl. »^L<(i1-1 O^ffl, jgi 



exanple Xis nid>iura\^Qi as X, r(Nb) is 0.(K)3 to 0.5 and 
preferably 0.005 to 0.35. 



[0013] Among conposite oxide whidi it uses as catalyst, those 
whidi possess thespecific crystal stnirture are desirable with 
especially this invoition. Concrete, it is something w*ae it can 
recognize principal diffraction peakof 5 which is shown below as 
pattsn of X-ray diflSaction peak (As* x-ray sguicg CuK -line 
use) of the said conposite oxide, in specific diflSaction angle 2 

[0014] 
[Table 2] 



Diflfraction angle 2 (degree) relative intensity 



22,1+/-0.3100 
28.2+/- 0.3 20 to 150 
36.2+/- 0.3 5 to 60 
45.2+/- 0.3 2 to 40 
50.0+/- 0.3 2 to 40 



As for X-ray diflSaction peak strength diCTe are times when it si 
ips with measurement condition of eachoystal, but as for 
relative intensity wdiai peak intensity of 2 =22, 1 degree is 
designatedas 100 usually there is an above-maitioned range, hi 
addition, generally peak intensity of 2 =22.1 degree and 28. 
2 degree isexpressed largely. 

[0015] Prqjaration m^od of conpcamd oxide wliich espedall 
y consists of desirableMo, V, Te and Nb as catalyst 
con^xjsition seems usually followingway. When of for 
exanple MoaVb Te cNbxOn, hicludes annrxMiium 
metavanadate salt of predetoTnined amount to aqueous 
solution which, aqueous solution of telluric acid, sequential 
adding aqueous solution of niobium ammonium oxalate salt 
andthe solution or slurry of ammonium paramolybdate salt with 
kind of wd^t ratio where atomic ratio of eachinetal element 
becomes specified ratio, drying with evaporating to dry solid 
method, spray drying method and the lyophili^on mediod 
etc lastiy, usually with temperature of 350 to 700 °C andthe 
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[0 0 16] ^fz. ±i&0>mfSi^my3mzoi^xit. st 

>^7^u:?T>aT>^-^Affi(Drtt5yfz. M0O3, 
M0O2, Moc I5. 

Mo (OR) ^ (Rfj, 8^sa1A^b1 pot;u^ 

<7)ft^y(z, mtf. V2O5. V2O4, V2O3, A:^v 
;U71r^;i.rirh:h-K. vo (OR) 3 (Rii. ftjia 
1 A^b 1 0(7>7;u4-;uS) . VCI4. fe-5iM^voc 1 | 

Mpyv^bft, ^^I'TP^Kffi, 7;u3^vh\ 7-tr 
(i^;U7P>S7>^-';?Atg;5:^^ffi^fSci:;b<iU* 

1001 7] C0J:3l3L-C^b*ifc1fi^ftHe{biaiJ 

. *a-c?^ai*tt«t LTffll^b4^^)A<. sa^fift. 

v'j^. 7;us:^. 5^^-7. 7;usy 
-K. aa±. v;Ui]-7?5:fi:i^|-{S6ffi^-5c^:t-e 

SfiJt(i*#fciBb^i4tOTfi4<. ^se%i,tLr>t^^:/ 
. x5i>; ^pA>^a)fia7;i/^>fcj:i;/^fc(j:^ 



[0 0 18] ^^^v<Dmitm<Dmm<Dnm\mht^ 



prefbably 4(X) to 650 usuaUy 0.5 to 3 0 hour and 
prefeably I to 10 hours , calcining thedried iiHtter wliich 
ronains, it makes conpound oxide of object 

[0016] In addition, method whidi is done in oxygen atmospher 
e concerning theabove^mltiQ^ed sintmng n^od, is most 
general, but it is desirable todesignate atmosphQ:e of calcining as 
undo- Qxygai absence ratho*. Concretely, it is executed in 
nitrogen, argon and helium or (Aho-inot gas atmosphere or 
inthe vacuum, furthamore. In place of amnmium 
paramolybdate salt wliich is shown on, MoQ3, Mo 02 , 
theMoCb, phosphomolybdicadd, silicomolybdic acid and 
Mo(OR)5(AsforR, carbon numbo- 1 to 10 aikyl gnnip ), or it 
can use niolybden>d acetoac^onate ,^ in place of ammonium 
metavanadate, for exanple V2Q5 , V2O*, V2Q3, vanad>d 
ac^oac^onateandVO(OR)3(Asfi)rR, carbon number 1 to 10 
alkyigroiq)),useVa4orVOCl3 etc can, in place of die 
telluricacid, TeQ2 etccanuse. In addition, oxide , it can use 
hahde , carbonate , alkoxide ,tfie acetoacetonate , ammonium 
halidesalt or ammonium carboxylate etc as starting material 
ofX. In addition, it is possible also to use organom^allic 
con^und, as starting mataial ofthese metal conponent 
Furthermore, it is possible to use heteropolyadd of mixed 
coordination ofmolybdenumand vanadium like molybdo 
vanado phosphoric add 



[(K)17] Cbnpound nstal oxide whidi it acquires in this way can 
also use, as solid catalyst ids used but, widely known support , 
for exan5)le silica, alumina, titania,die alunrinosilicate , 
diatomaceous earth and zirconia ^ and also even with alone. 
Regarding to this invention metfiod, it can acquire acrylic acid 
with a hi^er selectivityby supplying steam to reaction systan 
at time ofoxidation reaction of the propylaie. purity of 
propylene of starting material is n(^ sonKthing wliich 
especiallyis limited, making use of prop>4ene which contains 
mediane , the ediane , propane or other lower alkane and/or 
air, carbon monoxide and carbon dioxide rtc as inpirity 
there isnot a problem such as vdiaL 

[00 1 8] Details of mechanism of oxidation reaction with this inv 
ention are not clear, oxidation reaction is done by oxygen 
atom wWch exists in above-maitionedoxide or molecular 
oxygen w^ch exists in raw matoialsuiply gas. In rawmaterial 
supply gas molecular oxygQiwhai it exists, molecular oxygen 
is good even with thq)ure oxygen gas, but because especially 
purity is not required, it is gena^to use oxygen-containing gas 
like beneficial air in economic. Whoi wat^ vapor is supplied 
at time of oxidation reaction, usually, mixed gas of pixjpydene 
and oxygai-containing gas which include wato- v^xms used, 
but it is possible to supply with prop>4ene and oxygen- 
containing gaswhich include wato- v^xff alternately, in addition 
sqjarately to supplywith propylene and wato- vapor is possible. 
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[0 0 19] *»?B(OS«S:^^iis$gc, mm^i^ 



[0 0 2 0] JS^EJ^J&^-ZOO^iU^'^li. I 

H2O) -1 : (0. 1-10) : (0^20) : (0. 
2-7 0) 



[002 1] 

[as] 1 : (1-5) : (0-10) : (5-40) 



[0 0 2 2] l^^t^mzm9,mikti>m^\z\t. mm 

A^<7>^=S1t^-x ^ttfflt* * z t (i<HF ^?it^o 



[0023] JSltl*. li^l 5 0-5 0 0*t-e|gJfi$tl 
. ^i::»$Lt>m2 5 0-4 5 0"CSa-Cfc'5o tfz 

1 SOOOhr-i, L<lj:i 00 0- 1 OOOOhr* 



[0019] fa each case sudi as fixed bed and fluidi23ed bed can ado 

reacte systonof this invention,lnit because it is a 
exc^ermic reaction, fluidized bed syston control of reaction 
ttakipdiOure is easio*. fa addition, this reaction is usually 
executed under atmosphaic pressure, hit it ispossible also to do 
undo: pressurizing low degree or under thevacuum. In addition, 
it is possible also evai with whoi it is a chemically 
stoichiometric amount or lessvis-a^vis quantity of propyioie 
substantially quantity of thonolecular 0x3^ witii prop>4ene , 
wato- vapor and dilution gas as supplied gas gas phase contact 
reaction todo. fa this kind of case, as needed, extracting 
portion of catalystfitHTi reaction zone limits, soiding said 
catalyst to oxidation regoierator , afte regeneTation,the 
catalyst method w^ich re-is supplied to reaction zone limits is 
desirable. As regaiwation rarthod of catalyst, catalyst, 
oxygen , air and the nitrc^ai monoxide or other oxidizing gas 
you can list method which usually circulates withthe 300 to 
600 °C vis-a-vis catalyst inside regenerator. 

[0020] As for molar proportion of raw matmal supply gas, 

[Mathematical FomTula4] (Prop>iene) : (Oxygen) : (Dilution g 
as) : (H2O) =1 : (0. 1 to 10) : (0 to 20) : (0.2 to 70) 

As for so being desirable, especially being desirable to be execute 

[0021] 

[Mathanatical FonnulaS] 1: (1 to 5) : (0 to 10) : (5 to 40) 

So it is. When aformentioned sort, raw material supply gas it 
does not supply even, as themixed gas of all conponents mole 
ratio of each conponent of raw material sujply gas which 
issupplied to reaction systan above-mentioned range is 
desirable. 

[()022] When wato* vapor is supplied to reaction system, being 
added with objectwiiich dilutes starting materia^ it is diflfaent 
from case of thenitrogai , argon and helium or other supply, 
selectivity of acr>dic acid can inq3rove,from propylene can 
acquire aa}4ic add with hi^ yield. But, using nitrogen , argon 
and helium or other inot gas interval rate and oxygen partial 
pressure and as dilution gas in order adjustment etc to do water 
v^xjr partial pressure does notijecome inconvenient vAiaL 

[0023] Fact that reaction is executed usually with 1 50 to 500 
°C,especiaUy is desirable is 250 to 450 X extent, fa addition, 
gas space velocity SV in vapor phase reaction, israngeofSOO 
to 15000 hr-l and preferably 1000 to 10000 hr-i usually. 
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[0024] 

Mm\zts\i^nitm (%) . msim (%> fcj:Lf:ift$ ( 



[0025] 

[ae] :fPtfu><Dl£{b¥ (%) = imny o^iy:^ 



[0026] 

^«^MotVo.3T eo.23N bo,uOn^^t ^m^Wtit 
^t'AO)^0\zm&LtZo ;S*3 2 5m I (Z>5l>^t-i; 
>KT>^-';7i. (NH4VO3) 15. 7g£S»L. 
cniri^VUUK (H^TeOg) 23. 6g./<^^'J:^ 
x>S7>^-'t7A ( (NH4) 6^07024- 4H26) 

7 8. sg^mk-mt. i^->s*is«$sssufco h 

IZ, -^:?Oaa)b<0. 4 5 6mo !/kg0VJL';7K 

'j-£S8fflLfco z(D7.^^)-^mfmmtizt\z^ 

^l^r5mm0x 3mmL(ZlSSLfc^, ttB^L. 16 
-'2 8>'yvifzS^i]L, SSai2l5«6 0 0*'C-e2 8#ffl 



[0027] ±?tnL^mm<Dmxmmm^tm 

^Ur. 22. 1 (1 00) , 28. 2 (57. 3) . 
36. 2 (1 6. 9) , 45. 1 (1 5. 2) . 5 0. 

0 (10. 1) ic±s[5iSfe-^?A<as$tifc 
rt(7)a*(i. 22. r oe-'^^^a^ 1 oo^Lfct 
#offi«fcf-'^^as^-ro ) o ±Ettjfio. 3 0gs 

SltSd^iSL, SC6SS3 7 0*^. SMi$aSV3 7 
4 8hr-^ -fO eU> : : H20= 1 : 1 5 : 1 4(7) 



With method of this invaition, whai partial oxidation 
reaction was done, to other thanthe acr>dic acid, carbon 
mDnoxide, carbon dioxide and acetic acid etc do by- 
productirai, baitthe produced amount is little 

[0024] 

[Working Exanple(s)] Below, this invaition, listing Working 
Exanple, furthennore you e?q)lain ind^, Imt if this 
invaition does not exceed gist, it is notsom^hing which is 
limited in these Working Exanqjle. Furtherraore , convCTsion 
ratio (%), selectivity (%) and yield (%) in Working 
Exan5)lebelow are shown with each next formula 

[0025] 

[Mathematical Formula 6] Convasion ratio (%)= (numbo- of m 
oles of numbo* of moles / siqjplied prcp>iene of consumed 
prop>daie) X 100ofprop>daie 

Selectivity (%)^ (number of moles of numbw of moles / consu 
med propylene of produced acr>iic acid) X 100 of aa}dic acid 

Yield (%)= (numbCT of moles of numbo- of moles / supplied pro 
p>dene of pnxluced acrylic acid) X 100 of acr^dic acid 

[0026] Working Exanple 1 

(Tonpound oxide which possesses enprical fomiula Moi Vo.3 T 
e0.23Nb0.l2Onwasn]anufecturedfollowingway. ammonium 
metavanadate(NH4V03)15.7g was melted in warm water 325 
ml, telluric acid (H6 Te 06)23.6g and ammonium 
paramolybdate ((NIft)6Mo7024 * 4 mO)78.9g sequentialwere 
added in this, uniform aqueous solution was nmufectured 
Furthermore, concentration of niobium mixed niobiimi 
ammonium oxalate aqueous solution i 17.5g of 0.456 mol/kg, 
manufectured slurry, moisture was ranoved by heat treatment 
doing this slurry, solid wasacquired, molding after doing, 
powdo-fragmsit it did this solid in 5 mm diameter X 3 mm L 
makinguse of pellet molding madiine, classifying did in 1 6 to 28 
mesh, 2 hours calcined withthe 600 °C in nitrogen stream and 
it acquired catalyst wiiidi consists of theconqxjund oxide. 

[0027] When powda* x-ray diflSaction measureriKnt of above- 
mKitioned composite oxide was done ( CuK -line use), 
principaldiflSraction peak was observed to 22. 1(100), 28,2(57.3), 
36.2(16.9), 45.1(15.2) andthe 50.0(1 0.1) as difl&action angle 
2 (degree), (numeral inside parmthesis, when designating 
peak intaisity of 22. 1 degree asthe 100, shows corresponding 
peak intensity. ). Above-nrationed catalyst 0.30g it was filled 
in reactor, siqjplied thegas with mole ratio of reaction 
tempaature 370 °C , space velocity SV3748 hr-1 and 
propylene : air : H2O = 1 : 1 5: 14, did the gas phase contact 
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[0 0 2 8] 

mt&9i 1 -ClSfctta 0 . 3 0 g $SJ$8II=?E« U . 5(6 
H20=1 : 1 5 : 3 SffltvUfC^jX^ttlg L 



(0 0 2 91 mmms 

mm0 X 3 mm LiCfiKS 
Lfca, mL. 1 6-2 8>^vvjLlcaXi)L, g*» 

raaaSVe 5 5 7hr1, yu\£U> H20=1 



[00301 
[«31 

a-1 



reaction, result is shown in Table 1. 
[0028] Working Exanple 2 

Catalyst 0.30g wdiich is acquired witii Working Exan5)le 1 it is fi 
lied in reai^,sqplies gas with mole ratio of reaction 
ten?)erature 370 °C , space velocity SV645 1 hr-l and the 
prop>iaie : air : H20 =i : 15:36, it shows result of doing ^ 
phase contact reaction in Table 1. 

[0029] Woridng Exan?)Ie 3 

Catalyst 30gwhidi is acquired with WoridngExanplel powder 
fragmmt was done in dieraortar, powda* was dispa^ to water 
of 100 ml and aqueous slunywas acquired, powder solid was 
acquired by heat treatmoit doing this slurry, molding after 
doing, powderfiagmaititdidthissolidin5mradiam^X3 
mm L makinguse of peUet molding machine, classifying did in 
16 to 28 n^sh, 2 hours calcined withtfie 600 °C in nitrogen 
stream catalyst 0.30g >\diidi it acquires in this way it is filled in 
reactor,suH>lies g3S with mole ratio of reaction tenpeature 
350 °C, space velocity SV6557 hr-l and the propylene : air : 
H2O =1: 15:36, it shows result of doing gas phase contact 
reaction in Table i. 

[0030] 
[Table 3] 







{%) 


(X) 




99. 4 


73. 9 


73. 5 




98. 3 


77. 0 


7 5. 7 




100. 0 


84. 1 


84. 1 



[003 1] 



[0031] 

[Effects of the InvQition] Acrydic acid can be produced with hig 
h yield according to this invention m^od, with prop>deneas 
starting mataial, with one-stq) method . 
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